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Total Number of Marks: 100 
 
All questions should be answered in the Answer Booklet provided. 
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(a) A reaction is carried out isothermally and at constant pressure in three different reactors which 
are connected in series as shown in Fig. Q1.  In this sequence of series connection, first one is a 
Continuous Stirred Tank Reactor (CSTR) of volume, V1, second one is a Plug Flow Reactor (PFR) of 
a volume V2 and the third one is another CSTR of volume, V3. Expected conversion, X at the end 












Figure Q1: Sequence of three reactors connected in series 
 
Table. Q1 below has provided the process data for the rate of reactions, rA with the conversion 
of reactors.  
Table Q1: Processed data for rate of reactions and conversion. 
X 0 0.2 0.4 0.6 0.8 
-rA                      (mol/L .s) 0.010 0.0091 0.008 0.005 0.002 
FA0/-rA                              (L) 200 220 250 400 1000 
 
Based on the data given,  
i. Develop the Levenspiel plot on the graph paper provided. 
(Marks 5) 
ii. Shade the area appropriate for calculating the volume of V1, V2 and V3 on your plot. 
(Marks 5) 
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(a) “Volumetric flow rate for gas phase reactions often changes during the course of the reaction”- 
TRUE or FALSE? Support your answer. 
(Marks: 5) 
 
(b) Prove that gas phase volumetric flow rate,                                        , where,  
 
 T0, P0 are initial temperature and pressure;  
 X is the conversion; 
 𝒗𝟎= initial volumetric flow rate to a flow reactor; 
 𝜺 = 𝒚𝑨𝟎𝜹  = (Change in total number of moles for complete conversion/ total number of moles 
fed to the reactor); 
yA0 = mole fraction of gas; 𝜹= (change in total number of moles/ mole of A, limiting reactant, 
reacted) 
 
 Note that total molar flow rate, F T = F T 0 + FA 0 𝜹 X 
(Marks: 10) 
(c) With the aid of approximate temperature profiles for countercurrent and parallel flow, explain 
the advantage and disadvantage of the two flow patterns in heat exchanging process. You are 
expected to label the diagram explicitly. 




(a) In a counter-flow heat exchanger, cooling water at 20οC is flowing at a rate of 14000 kg/h to cool 
carbon tetrachloride from 90οC to 40οC. The mass flow rate of carbon tetrachloride is          
20000 kg/h. The overall heat transfer coefficient, U, is 1473 W/m2.οC. Heat capacities for carbon 
tetrachloride and water are 0.837 J/g.οC and 4.18 J/g. οC, respectively. Estimate the required area 
for the heat exchanger. Note that, heat transfer rate in entire exchanger is  expressed as, 
 
, where, AT= heat transfer area and  
 
log mean temperature,   
 
(Marks: 15) 
(b) In a 2-4 heat exchanger, shell side fluid enters at 240οC and leaves at 150 οC. Tube side fluid 
enters at 60 οC and exit at 225 οC temperature. 
i. Draw the temperature profile for 2-4 exchanger indicating the shell side and tube side 
temperatures. 
(Marks: 03) 
ii. Evaluate the correct mean temperature drop for 2-4 exchanger. Correction factor chart is 
available in Appendix VIII. 
(Marks: 05) 
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(a) You are required to mix glycerin at 50οC in a 10m3 tank. Density and viscosity of glycerin at 50οC 
are 1245 kg/m3 and 0.20 Ns/m2, respectively. Suggest a suitable agitator for mixing the glycerin 
based on the agitator selection guide provided in Appendix IX. 
(Marks: 05) 
 
(b) A disk mounted turbine with six flat blades is to be used for mixing a rubber latex compound 
having a viscosity of 120 Pa.s and a density of 1120 kg/m3 in a baffled tank. The diameter of the 
impeller is 0.67 m and width of the impeller is 134mm. The turbine impeller turns at 80 
revolutions per minute (rpm). Estimate the shaft power required to drive the agitator using 
power correlations provided in Appendix X. 
(Marks: 12) 
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I. The general mole balance equation applied to the four major reactor types of reactors for the 
general reaction A → B 
 
Reactor Differential form Algebraic form Integral form 
    
Batch 
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APPENDIX 
II. Liquid and gas phase considerations for generic reaction: 
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APPENDIX 
III. General integral table:  
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APPENDIX 
VIII. LMTD correction factor for 2-4 heat exchanger 
 
Where ,  
Z = (actual drop in temperature in hot fluid /actual rise in temperature in cold fluid); 
ηH = heating effectiveness = (actual  rise in temperature in cold fluid/ maximum possible rise in temperature 
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Expression of impellers’ symbols 
for the curves 1-5 for the power 
correlation above 
APPENDIX 



















P = shaft power, W 
